Abstract. We present the results of our analysis of a time series of high-resolution spectra of the multiple β Cephei star λ Scorpii. The data set has a total time-span of more than 5000 days and includes an intensive monitoring campaign during 8 consecutive nights. We confirm the presence of a dominant frequency f 1 = 4.679410 c d −1 in the data. We show that the amplitude is variable in time according to the light-time effect in the multiple system. The dominant frequency is identified as a prograde dipole pulsation mode. From modelling of the amplitudes and phases across the profiles we derive pulsational parameters, the inclination angle 70
Introduction
With the goal to study the role of tidal effects on the excitation and/or enhancement of pulsation modes we have set up a project concerning the detailed analysis of the intrinsic variations of β Cephei stars in close binary systems. For the background of this observational program we refer to Uytterhoeven et al. (2004b, hereafter termed Paper I) . In a rotating star, nonradial pulsations (NRP) reflect themselves as features moving from blue to red or vice versa through the line profile due to the Doppler effect (Vogt & Penrod 1983) . High-resolution spectroscopy turned out to be a useful tool to study the line-profile variations (LPV) caused by NRP in full detail. Over the last years several quantitative methods for the extraction of information about the pulsation modes from the LPV have been developed, such as the Moment Method (Briquet & Aerts 2003 for the latest version) and the IPS (Intensity Period Search) Method ). In the current work, we Based on observations obtained with the Coudé Echelle Spectrograph on the ESO CAT telescope and with the CORALIE Echelle Spectrograph on the 1.2-m Euler Swiss telescope, both situated at La Silla, Chile. combine these different mode-identification techniques in order to model the pulsational behaviour of the multiple β Cephei star λ Scorpii.
The triple system λ Scorpii (HD 158926, HR 6527, 35 Sco, α 2000 = 17 h 33 m 36. s 52, δ 2000 = −37
• 06 13.8 , m V = 1.62, B1.5IV+B2V, 216±42 pc) consists of a B1.5IV star in a 5.
d 9525 eccentric (e = 0.26) orbit with most likely a T Tauri star and a B2V star that moves around the close orbit with a period of 1082 d in an orbit with e = 0.23 (Paper I). The close pair is an eclipsing binary. In the current paper, we focus on the detailed analysis of line-profile variations of the primary of the system. This intrinsic variability has been studied already by Shobbrook & Lomb (1972) and Lomb & Shobbrook (1975) by means of photometric observations. They found a dominant period of P 1 = 0.
d 2137015 in combination with its first harmonic P 2 = 0.
d 10685075 and classified the star as a β Cephei star. The longer period P 3 = 10.
d 1605 in their dataset was attributed to the orbital movement. Watson (1988) , treating the system as a single star, interpreted the variability with P 1 in terms of a radial oscillation. De already confirmed the dominant period by means of a line-profile study of a set of high-resolution spectra. They explained the variability in terms of NRP and found indications for the presence of more than one mode.
The fast rotation of the main component of λ Scorpii, together with its close binary nature, make this star a suitable object to study the relation between mode selection, mode amplitudes, tides and rotation, if any. The outline of this paper is as follows. In Sect. 2 we present the data. In Sect. 3 we report the results of the frequency analysis. Section 4 deals with the mode identification of the detected pulsation frequencies. In Sect. 5 we examine the possibility of a resonant excitation. The conclusions can be found in Sect. 6.
Data and grayscale representations
We refer to Paper I for a description of the data and data reduction, as well as a logbook of the observations. The complex character of the pulsation becomes visible in the grayscale representations of the 421 spectra obtained during 8 consecutive nights in July 1997 shown in Fig. 1 . The individual plots show the residual Si  4552.654 Å profiles of one night with respect to the average profile of the 421 spectra, displayed as a grayscale plot. Black denotes a positive flux and white indicates a negative flux with respect to the mean. The result is a complex pattern of black and white bands, which run into each other. Such a pattern, if interpreted in terms of oscillations, can only be the result from interactions between two or more NRP modes and cannot be reconciled with the suggestion of a radial mode by Watson (1988) . The latter author, however, treated the object as a single star while we showed in Paper I that it is composed of a low-mass (M 2 ∼ 2 M ) pre-main sequence star (to be ignored in the analysis of the Si  4552.654 Å line) and two very similar early B stars.
Through a detailed spectral analysis, the primary was found to have a temperature of 25 000 K, log g = 3.8, M 11 M while the parameters of the third component are 22 000 K, log g = 4.0, M 9 M . Therefore we expect that the tertiary contributes significantly to the photometry and also to the profiles shown in Fig. 1 . We cannot observe the third component directly in the profiles because the rotational broadening of the primary is larger than the velocity shifts of the orbit. This situation is analoguous to the one of the binary β Cephei star β Crucis, which is composed of a B0.5III primary and a B2V companion in a low-amplitude eccentric 5-yr orbit (Aerts et al. 1998) . Given that the tertiary of λ Scorpii is also situated in the β Cephei instability strip (Pamyatnykh 1999) , we cannot exclude it to be a pulsating star as well and to contribute to the complex patterns shown in Fig. 1 . While the dominant frequency f 1 , as already discussed in Paper I, is clearly due to the primary, any results of this work pointing to low-amplitude variability may either be due to the primary or the tertiary.
To remove the influence of the motion in the triple system we used the orbital parameters determined in Paper I, which we subsequently fed into the code KOREL (Hadrava 1995) . We have tried to disentangle the observed profiles into contributions of the primary, secondary and tertiary component, but in doing so the KOREL code did not return realistic average profiles for the secondary and tertiary component. This is not too surprising as we are dealing with a complex triple system, the wide orbit of which is not very accurately determined. Therefore, we have only used KOREL to determine the average overal blended profile of the three components, together with the residual spectra calculated in the restframe of the primary. The orbit-corrected profiles are subsequently reconstructed by adding the O-C residuals to the average profile. This implies that the profiles still contain the blend with the line of the tertiary (the one of the secondary is negligible given that it is a much cooler star) as explained in the previous paragraph. We fed only the good-quality spectra of our dataset, i.e. those with a signal-to-noise ratio higher than 100 and those that didn't suffer from vignetting, into KOREL. In the next section we present the study of the intrinsic variations of λ Scorpii based on those 748 shifted Si  line profiles.
Frequency analysis
As mentioned in the introduction, only one pulsation frequency, together with its first harmonic, has been detected so far (Shobbrook & Lomb 1972; Lomb & Shobbrook 1975; De Mey et al. 1997) . However, from the grayscale plots (see Fig. 1 ) we expect the presence of more than one intrinsic frequency. 
The variability of the dominant frequency
In Paper I, we have pointed out that the variability of the main frequency suggested by Lomb & Shobbrook (1975) from their photometric data is entirely compatible with the light-time effect in the multiple system. Here, we check if the different line diagnostics derived from our spectroscopic data allow us to find independent signatures of the variability of the main frequency.
We used different frequency analysis methods on the three first normalised moments ( v , v 2 and v 3 ) and on the equivalent width (EW) calculated from the Si  profiles at 4552.654 Å and 4567.872 Å of the 748 spectra after correction for the orbital motions. For a definition of the moments v n of a line profile we refer to Aerts et al. (1992) . A short description of the results of the analysis on the radial velocities (first normalised moment) of the shifted spectra was already given in Paper I.
The periodicity search was carried out by means of Phase Dispersion Minimisation (PDM, Stellingwerf 1978) , the Lomb-Scargle method (Scargle 1982 ) and the CLEAN algorithm (Roberts et al. 1987) , of which the latter two are based on Fourier techniques. For the PDM method we used the bin-and cover structures (5, 2) and (10, 3); for the CLEAN algorithm we used gain values 0.2 and 0.8. As the dataset of 748 spectra, covering a time-span of more than 5000 days, enables us to find frequencies up to an accuracy of 0.000005 c d −1 according to the empirically derived formula by Cuypers (1987) , we searched for frequencies between 0 and 15 cycles per day (c d −1 ), with frequency steps of 10 −6 c d −1 . A conservative estimate of the error on the frequencies is given by the half width at half maximum amplitude of the highest peak of the window function, which turns out to be 0.00035 c d −1 .
In the variations of the EW of the profiles we find only evidence for the dominant pulsation frequency near 4.67942 c d −1 (Lomb & Shobbrook 1975 ). This frequency is more pronouncedly present in the Si  4552.654 Å line than in the 4567.872 Å line due to a lower noise level of the former, as one can see on the Lomb-Scargle periodograms in Fig. 2 . The variability of the EW has an amplitude of only 2% for the bluest Si  line.
From their photometric data, Lomb & Shobbrook (1975) found one dominant period of 0.
d 2137015 ± 0.0000006 (this unrealistic small error is given by the authors) which corresponds to f phot = 4.67942 c d −1 . All analysis methods performed on the first three normalised velocity moments calculated from the two Si  lines resulted in a similar frequency. , by means of a one year alias. In the accuracy of our dataset we can rewrite f phot as f 1 = 4.679410 c d −1 . We accept f 1 as the true main intrinsic frequency as the time spread of the photometric data is better suited to disentangle the alias patterns. The first harmonic of f 1 , although clearly present in the photometric data of Lomb & Shobbrook (1975) , is not found in the variability of v and v 3 . Contrarily to that, 2 f 1 is present at low amplitude in the variations of v 2 . This is what one would expect for a linear nonaxisymmetric NRP mode (Aerts et al. 1992 , also the contribution of 2 f 1 into account, while the fit to the third moment v 3 includes f 1 , 2 f 1 and 3 f 1 . The three fits reduce the variability with 45%, 36% and 42% in respectively v , v 2 and v 3 .
After prewhitening this dominant signal by subtracting synthetic sinusoidal curves with f 1 and its first harmonic 2 f 1 , we continued the search for other candidate frequencies. As can been seen in Fig. 4 , frequencies similar to f 1 (which is indicated by a dashed line), and its aliases, were still prominently present in the residuals, also after a CLEAN analysis with a high gain value and many iterations. Prewhitening with either f 1 = 4.679410 c d −1 or its alias 4.676672 c d −1 resulted in similar periodograms. In order to try and study the variability of f 1 , as reported by Lomb & Shobbrook (1975) and explained in terms of the light-time effect in Paper I, further, we performed the following tests.
We divided the whole dataset, spanning 5000 days, in several subsets in order to investigate the change of amplitude of f 1 over the years. Unfortunately, due to the irregular time sampling of the data, we only have 2 subsets with a large amount of datapoints and a sufficient phase distribution for f 1 , namely the subsets of 1995 and 1997 containing 3 respectively 8 nights of intensive monitoring. These subsets are too short to determine the change in f 1 due to the light-time effect from Fourier analysis or PDM. Moreover, the orbital velocity of those data is not very different so that the frequency change due to the light-time effect is very small for these epochs. Therefore, we checked first of all if amplitude variations occur. For the subsets of 1995 (June 1995), 1997 (all data) and a subset containing only the data of the 8 nights of 1997, we calculated the amplitude of f 1 , respectively f 1 and 2 f 1 , together with its error, for v , respectively v 2 . We did a similar test for the alias frequency 4.676672 c d −1 . The results are given in Table 1 and are illustrated in Fig. 5 . We conclude that the amplitude of f 1 in v and v 2 for June 1995 differs significantly from the one of July 1997. The dataset of all data of 1997, spanning 1 year, shows signs of an averaging out of the amplitude. We cannot discriminate between the alias frequencies 4.679410 c d −1 and 4.676672 c d −1 as both frequencies fit the two first velocity moments equally well. The variable amplitude is either due to an unresolved beat pattern, or to the variability of the main frequency, or to both phenomena together. In the first case, one expects the effect of the frequency f 1 to disappear after prewhitening whenever it concerns a beat between two or more independent oscillation frequencies, which is not what we observe. We conclude that the variability of the amplitudes is most likely induced by the light-time effect.
Additionally we tried to find evidence for the change of value of the dominant frequency from non-linear fitting. In order to do so, we searched for the best-fitting value of f 1 in the first moment of the 4552.654 Å and 4567.872 Å profiles of the full dataset, the subset of June 1995 and the 8 nights of July 1997, by means of a non-linear least-squares fit, treating f 1 as a free parameter. In all cases the resulting value of f 1 depended very much on the given initial value and all obtained fits explained the variability equally well. Therefore we conclude that we cannot discriminate between 4.679410 c d −1 and 4.676672 c d −1 or any other peak very close to these frequencies in the subsets of the spectroscopic data.
From these tests, together with the observed phenomenon that signatures of f 1 still remain in the intrinsic variations after prewhitening and the fact that the remaining peaks ( f ∈ [4.671; 4.698] c d −1 ) cannot be related to the prewhitened one by means of the window function, we conclude that λ Scorpii shows a variable frequency in its spectra but we are unable to quantify the change in the frequency due to the poor sampling.
Additional frequencies
The search for additional frequencies turned out to be very difficult. After prewhitening with f 1 , a forest of peaks appeared at the interval 0-2.0 c d −1 , with no agreement in the candidate frequencies between v , v 2 and v 3 .
As we cannot remove the influence of the dominant frequency completely, the search for additional frequencies is very difficult because the convolution of the remaining peaks near f 1 with the window function implies a complex pattern in the periodograms. Nevertheless, candidate frequencies appear at low amplitudes. The second and third moment indicate the presence of a peak at 5.340978 c d −1 and the first and third moment show variability with a frequency at 3.899013 c d −1 . Both frequencies cannot be related to the dominant first frequency by means of the window function.
As an indicator for the significance of additional frequencies, one can use the 4 signal-to-noise criterion (4 S/N, Breger et al. 1993 ). This criterion is used to retain only frequencies with amplitudes higher than 4 times the noise level. The noise level is defined as the average amplitude of the remaining peaks in a restricted region of the periodogram after prewhitening with all candidate frequencies. In the case of the full dataset of λ Scorpii, the application of this criterion is by no means straightforward. Indeed, the remaining variability at frequencies near f 1 and the strong aliasing effect induce the presence of several additional peaks, as shown in Fig. 6 which lead to a high noise level at local positions in the periodogram. To determine the noise level, we selected the two "alias peak free" regions ([4.1;4.6] and [5.1;5.6] c d −1 ) indicated by gray boxes in Fig. 6 . For each box we calculated the average amplitude of the 50 highest remaining peaks, using frequency step 10 −6 c d −1 , after prewhitening with f 1 , 2 f 1 and the two candidate additional frequencies mentioned above. An average of these two values led to a noise level S/N of 0.91 (4 S/N = 3.64) km s −1 respectively 61.9 (4 S/N = 247) (km s −1 ) 2 for v and v 2 . According to the 4 S/N criterion, applied to the full dataset, we have to reject the two candidate frequencies (see Table 3 ). We emphasize, however, that the definition of the noise level is ambiguous for λ Scorpii due to the remaining power at f 1 and its aliases. The half width at half maximum of the amplitude of the highest peak of the window function associated to this subset turns out to be 0.077 c d −1 .
Frequency analysis for scalar quantities
The first three velocity moments calculated from the 421 spectra after prewhitening with f 1 and 2 f 1 showed again many peaks at the interval 0-2 c d −1 . In general, the shape of the window function was easily recognizable in the peak structures. Power was found at 0.09 c d Table 3 . An overview of the frequencies found in the three moments of the two bluest Si  lines of λ Scorpii is given in Table 2 . All listed frequencies meet the requirements of the 4 S/N criterion applied to the subset of July 1997.
Frequency analysis across the profiles
Besides a one-dimensional frequency-analysis we also performed a two-dimensional analysis as described by Gies & Kullavanijaya (1988) . This two-dimensional analysis (Intensity Period Search, IPS, ) is based on a CLEAN analysis (Roberts et al. 1987 ) of the variable signal in individual wavelength bins (∆λ = 0.02 Å) of a line profile. For each wavelength bin, the power of the frequencies is displayed as a grayscale value. We investigated the contribution of frequencies in the interval [0, 20] 
The significant frequencies
The IPS analysis across the line profiles for the subset of July 1997 indicated the presence of at least two additional frequencies, 5.37 c d criterion. It has no contribution to the velocity moments. A possible explanation could be that it is connected with a pulsation mode with high degree l ≥ 4. In Table 5 (see the following section) we indeed find indications for an l-value higher than 5. A search for a peak near 9.72 c d −1 in the whole dataset leads to a value f 4 = 9.726644 c d −1 . The three additional frequencies are indicated by dotted lines in the Lomb-Scargle periodograms, given in Fig. 4 .
In the panels of Fig. 7 , the power spectrum of the IPS analysis is shown after prewhitening with f 1 , f 2 , f 3 and f 4 and their first harmonic. The 4 S/N level is indicated, as well as the position of the 4 frequencies.
All the significant frequencies are listed in Table 3 , together with their contribution to the variations of v and v 2 of the two bluest lines of the Si  triplet of the whole dataset.
We compare the contribution of a monoperiodic model with f 1 = 4.679410 c d −1 to the line-profile variability of λ Scorpii with the contribution of the model with 4 frequencies. In the case of v 2 we also took sum-and difference frequencies into account for the fit, as long as they turned out to have significant amplitudes. The model with 4 frequencies adds 7% to the total variance reduction of v , which corresponds to a relative increase of 16% compared to the monoperiodic model for the 4552.654 Å profile. The model with 4 frequencies and its beat frequencies explains 43% of the variability of v 2 , which represents a relative increase of the variance reduction with 23% compared to the model with f 1 alone.
Mode identification
For modelling the pulsational behaviour of λ Scorpii we combined the Moment Method (Briquet & Aerts 2003 ) and the IPS (Intensity Period Search) Method . We restricted to the intensive dataset obtained during the 8 nights of 1997, which was specifically gathered for this purpose, and adopted the following strategy.
First, we focussed on the dominant frequency and tried to find the best fitting set of pulsational parameters associated with this frequency. This neglect of the low-amplitude modes at first instance is justified as their amplitude is much lower (see Table 3 ). We analysed the theoretically generated time series with the Moment Method and the IPS Method in order to compare with the observational results. We especially focussed on a good reproduction of the phase and amplitude diagrams in the IPS method, since the diagrams are strongly related to different properties of the pulsation mode (see Schrijvers et al. 1997) . The phase diagram is representative for the degree l, while the amplitude diagram contains additional information on other pulsational and stellar parameters. We studied the effect of small changes of the different free parameters on the shape of the diagrams. Through an iterative process between Moment Method and IPS Method we narrowed the acceptable interval of best fitting parameters.
Secondly, we used the best fitting stellar parameters obtained from the modelling of the first frequency in an attempt to associate pulsational parameters to the lower-amplitude frequencies.
The moment method
The latest version of the Moment Method (Briquet & Aerts 2003 ) was used to identify the main mode of λ Scorpii. We did not attempt identifying the other, low-amplitude modes with this method, as the relative accuracy of their amplitudes in v 2 and v 3 is rather low. To remove the contribution of the low-amplitude frequencies for the mode identification of the main mode, we averaged all 421 observed profiles in phase bins of 0.025 of the main oscillation cycle before re-calculation of the moment values.
We calculated the discriminant γ Table 4 . The analysis of the two bluest Si  lines led to consistent results.
We note that the values of γ m l are relatively high in comparison with the ones obtained for other stars (e.g. Briquet & Aerts 2003) . This is probably due to the averaging proces for the additional low-amplitude modes. The discriminant is unable to distinguish between the (1, -1) and (2, -1) mode. We also point out that the continuous free parameters i and v sin i cannot be derived accurately with this method, as discussed by De Ridder et al. (2005) .
The intensity period search (IPS) method
In a first step we calculated the IPS diagnostic diagrams for the 4 frequencies listed in Table 3 and their first harmonic to estimate their value of l and |m|. Prograde and retrograde modes can be distinguished my means of a blue-to-red respectively red-to-blue descent of the phase through the profile. However, in special cases of fast rotation or high |m|-values a retrograde mode in the corotating frame can be confused with a prograde mode in the observer's frame. We used different methods to calculate the diagrams: the IPS periodogram, a single-sinusoid fit and a double-sinusoid fit. Figure 8 shows the mean profile of the observed data (top), the phase distribution (middle) and amplitude distribution (bottom) across the line profile for each of the 4 frequencies. All frequencies lead to well-defined phase curves, which illustrates that these frequencies are indeed present in the data. The phase curves of the first harmonics are much noisier. We note that the amplitude-and phase diagrams associated with a doublesinusoid fit with f i and 2 f i are similar to the ones obtained from a single-sinusoid fit with f i . The amplitudes obtained from an IPS analysis are in general lower than the ones obtained from a single-sinusoid fit. This is caused by the subtraction of a small amount of the power, depending on the gain value of the IPS analysis. derived the following relationships between l and phase difference ∆Ψ f 1 , respectively |m| and ∆Ψ 2 f 1 :
For the first frequency f 1 (top left panel of Fig. 8) we can read off a blue-to-red phase difference ∆Ψ f 1 of 1.5π radians, implying l = 1.5 ± 1; the phase diagram of 2 f 1 shows a phase difference of 4π radians, hence |m| = 2 ± 2. These (l, m)-values are compatible with the best results derived from the Moment Method (Table 4) . The results for the additional frequencies are sumarized in Table 5 . These first estimates of l and |m| need further investigation through detailed modelling of the line diagnostics.
Modelling of the IPS diagnostics
In a next step we generated theoretically calculated time series by means of a FORTRAN code which took both temperature changes (dT/T) and EW changes due to dT/T into account (Schrijvers & Telting 1999) for the main frequency. Subsequently we compared the IPS diagnostics obtained from the generated data with those of the observed data in order to Table 5 . Blue-to-red phase differences of f and its first harmonic, together with estimates for l and m according to Eqs. (1) and (2) for the 4 frequencies listed in Table 3 6.5 7.5 6.5 ± 1 3.5 ± 2 ( b ) find the set of parameters which lead to the best reconstruction of the observed phase and amplitude diagrams. We used the same 421 HJDs as occur for the observed time series. We calculated time series with different values of the following free stellar parameters: inclination i, v sin i, intrinsic line width σ, linear limb-darkening coefficient α and EW response to temperature changes. The free mode parameters are the degree l, the azimuthal number m, the amplitude of the pulsation v max , the ratio of horizontal to vertical pulsation amplitude k and the ratio of rotational, pulsational frequency Ω/ω, and amplitude of temperature variations dT/T. In first instance we only took the pulsation mode for f 1 into account. Since the theoretical models are based on many free parameters it was a time consuming task to find the best fitting parameters. We note that we took full account of the relations between Ω/ω, k and v sin i while calculating the different grids of parameters, in order to constrain to physically relevant cases.
As different combinations of different parameters lead to similar reproductions of the line profile, we were only able to define intervals of best-fitting parameters. An iterative process resulted in the following set of stellar parameters: 70
• ≤ i ≤ 90
• ; v sin i ∼ 125 km s −1 , intrinsic line width σ ∼ 18.75 km s −1 , α ∼ 0.3, 0.63 ≤ EW response ≤0.83. The obtained range for the inclination angle is fully compatible with the one derived for the orbital inclination of the close orbit in Paper I. For stars with effective temperatures near 25 000 K we expect α to be clearly below 1, on theoretica grounds, while this value is predicted to be above 1 for stars with effective temperatures near 22 000 K (De Ridder 2001) . This is an additional argument that the variability with f 1 is due to the primary.
In Fig. 9 we confront the observed mean profile and IPS diagnostics of f 1 with the theoretical ones, based on models with combinations of l and m as suggested by the IPS Method. Both (1, −1) and (2, −1) represent the observed phase diagram well. However, the amplitude diagram of (1, −1) gives a better approximation of the two-peaked observed amplitude diagram associated with f 1 and represents in a better way the shape of the amplitude diagram associated with 2 f 1 than (2, −1). We therefore prefer (1, −1), with the following best fitting pulsational parameters: (1, −1), v max ∼ 14 km s −1 , k ∼ 0.20, Ω/ω ∼ 0.098, and 0.02 ≤ dT/T ≤ 0.04. We note that we found indications for a relative high k-value of approximately 0.20. This high value was needed to explain the concentration of the variability of amplitude in the wings of the profile (two-peaked structure) associated with f 1 (see Fig. 8 ). As pointed out by Schrijvers et al. (1997) this particular shape can be represented by relative high k-values.
An attempt to extend the models of the theoretical profiles to more than one pulsation mode turned out to be difficult. Adding more modes to the model implied adding several free parameters. Since the mode parameters of the different modes were mutually linked, the IPS diagnostics changed drastically with every change of a parameter for the low-amplitude modes. Therefore, it was not possible to come to a best set of mode parameters for the additional frequencies. However, because of the dominant character of f 1 , the diagnostics associated with f 1 were always stable for all calculated multiperiodic models. 
The possibility of resonant excitation
Due to the binary nature and the short orbital period of the close orbit of λ Scorpii, the question may be raised whether some of the observed modes are excited by the tidal action excerted by the companion. In order to investigate this possibility, we followed the procedure outlined by Willems & Aerts (2002) and determined the amplitude of the tidally induced radial-velocity variations for several appropriate stellar models as a function of the uncertain rotational angular frequency Ω. It follows that for the orbital period of 5.
d 9525 days, the orbital eccentricity e = 0.26, and the admissible range of rotational angular velocities Ω resulting from the projected rotational velocity v sin i ∼ 125 km s −1 and 70
• , resonant excitation of high-order g + -modes can yield radial-velocity variations with amplitudes of several km s −1 . However none of the eigenfrequencies of the observed oscillation modes listed in Table 5 is close to an integer multiple of the orbital frequency f orb = 0.167996 c d −1 , which is essential for resonant excitation or enhancement to occur. In addition, even if some of the eigenfrequencies were close to an integer multiple of the orbital frequency, the involved harmonic of the tidal potential would be of such a high order (at least 20) that resonant excitation would be very unlikely. The observed frequencies therefore most likely belong to the intrinsic oscillation modes of the primary or tertiary star in λ Scorpii.
We point out that the frequency 0.09 c d −1 listed in Table 2 may be related to the orbital frequency, but the complicated window function makes it not possible to draw any conclusions on its role.
Conclusions
We subjected the line-profile variations in the Si  lines at 4552.7 Å, 4567.9 Å of a time series of the multiple stars λ Scorpii, spanning more than 5000 days, to a detailed analysis. We found indications for the variable character of the dominant frequency near f 1 = 4.679410 c d −1 . This result is entirely compatible with the one obtained by Lomb & Shobbrook (1975) and is easily explained in terms of the light-time effect in the multiple system. Due to the limits of the dataset, we were unfortunately unable to measure the rate of change of the frequency. We strongly suspect that f 1 is an oscillation mode associated to the primary of λ Scorpii. Given an overall broadening of 140 km s −1 , respectively 160 km s −1 for the primary, respectively tertiary (see Paper I), and the lower flux of the tertiary, we expect that the signature associated to possible oscillations of the tertiary will be smeared out and will have a non-detectable contribution to the combined profiles. The reasonably good modelling of the average profile by means of an oscillation with f 1 as shown in Fig. 9 , supports this suspicion.
The unability to remove the contribution of the variable frequency f 1 hampered the search for, and an accurate determination of additional frequencies in the full dataset. The analysis of a subset, comprising the 8 nights of intensive monitoring, allowed the confirmation of three additional significant frequencies: f 2 = 3.899013 c d −1 , f 3 = 5.340978 c d −1 and f 4 = 9.726644 c d −1 . All of them are explained in terms of nonradial pulsation modes.
We were able to associate a (1, -1) mode to the dominant frequency and to put constraints on the values of the velocity parameters of λ Scorpii, among which 70
• and v sin i ∼ 125 km s −1 . As the additional frequencies had much lower amplitudes than the one of the dominant frequency, we were unable to unravel a fully unique multiperiodic model.
It is unlikely that the modes of λ Scorpii are enhanced or excited by means of tidal forcing. λ Scorpii is one case study in our observational project to search for tidal effects on pulsation modes in nonradially pulsating B-type stars in close binaries. A few examples of tidal forcing on NRP are suggested for β Cephei stars in the literature, e.g. et al. 1996 ). We will continue the search for resonant excitation due to binarity by means of a systematic observational study of some more selected early B-type pulsators in close binaries in order to understand better the conditions needed for tidally induced oscillations. A first qualitative step to a theoretical investigation on the conditions favourable for the resonant excitation of free oscillation modes can be found in Willems (2003) .
